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FURNI S11ING , INSTALLATION, AND TESTING

OF

EXPANSION TYPE CONCRETE ANCHORS
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FURNISHING, INSTl[LLATION, AND. TESTING

OF -

EXPANSION TYPE CONCRETE ANCHORS

1.0 SCOPE OF WORK

The work includes the furnishing, installation,
inspection, testing, and documentation requirements
of expansion type concrete anchors.

2.0 APPLICATIONS

ASME Section III Classes I, II, and III piping and
hanger critical shall be shown on the Piping Class
Summary Sheet. The pipe whip restraints shall be as

. shown on design drawings.

2.1 Expansion anchors may be used for attaching
the following items as shown in Table 2.1.

2.2 Unless otherwise specified on the design
drawings or approved by project engineering,

-

expansion anchors shall be wedge or stud type.

2.3 Stud anchor and drop-in unchor substitution
,

2.3.1 When stud anchors and drop-in anchors
are substituted for each other, the
field engineer shall ensure that the
following requirements are met.

b--
a. The anchor which is being used

shall have the tension and shear
capacities at least as large as

,

the anchor which it is replacing.

b. The design load of the drop-in
anchors must be reduced by tne

,

amount indicated in Table 3.2 to
correspond to the same
center-to-center spacing (and
minimum edge distance) for the same
diameter stud anchor.

.

1

.

_ _ _ _ __. - _ _
- . _ _ . . . . --. - _ . - . --
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oes not excee a . . e

noted below:

a) Expansion anchors shall not be used for.

Class I piping over 2-1/2 inches in
diameter.-

b) Expansion anchors shgll not be used for
Class II piping over 8 inches in
diameter.

'

-
,

c) Expansion anchors shall not be used for .- . .
piping systems and an: hor points as
listed in Appendix D.

- '

. - _ . _ . . . . . . _ _ _

(2) Expansion anchors shall not be used for ._

reciprocating equipment. -- - - - - - - .

(3) Expansion anchors shall not be used to attach
Q items and piping to block walls. Use of - _ - . . - - _

expansion anchors on concrete filled block
walls shall be limited to nupporting light. . . _ _ _ _ _

-

loads for non-Q electrical, mechanical,
architectural, or instrumentation
applications. . ,

Any deviation from the use of expansion . _ . _ .._

,

anchors described above must be approved by g,
the project engineer / Contractor on a
case-by-case basis. Any conflict between this
specification and hanger detail drawings shall
be referred to the project engineer / Contractor I
for resolution.

3.0 MATERIALS .

3.1 Concrete expansion anchors shall be limited to
.

the following types:

Phillips~ Wedge or Sleeve Anchor -
Phillips Drill Co.

,
-

Hilti Kvik-Bolt Stud Anchor -
Hilti Fastening Systems, Inc.

Molly Parabolt (Stud) Anchor -
USM Corporation, Construction Products Div.

Hilti-UDI Drop-In Anchor (HDI Drop-In Anchor) - ,
~

Hilti Fastening Systems, Inc. '

L
.

3 -

.

- .__ . . . . _ _ . _ . . . __ . . _ _ __._ ... .

. -



'

as indicated in Table 2.1.

Phillips self-drilling series S,*

Multiset drop in anchor series MS, or
Nondrilling anchors series J

Material certification is not required for these
anchors. g,

3.3 Material Documentation Requirements

The manufacturer / Subcontractor shall submit a
certificate of compliance for the materials
used for the studs and nuts with each lor of
anchors stating that the anchors conform to
the requirements of the following materials:

AISI 11L41, Stud Material or
AISI 1144, Stud Material .

''

.

A307, Nut Material or .

A325, Nut Material .

AISI 12L14 - HDI* Drop-In Anchors |b
Other types of concrete expansion anchors may
be used, provided that sufficient data is
available to justify their use, subject to the
project engineer's/ Contractor's approval. |jp-

4.0 INSTALLATION .

..

Installation of the expansion concrete anchors shall -

be performed in accordance with the requirements of -

Table 2.1. The installers shall be qualified to
perform this work by the project field
engineer / Subcontractor.

4.1 Expansion anchors shall be installed in
concrete which has been in place for more than | 2hs
28 days. Expansion anchors shall not be
installed in concrete block walls except as
noted in Table 2.1.

4.2 Holes for expansion bolts shall be drilled in
accordance with manufacturer's installation
recommendations except as specified herein.

b

4
.

. - . , . . - . . . . - - . . - . . ---
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x. n ess lamon core its are use e it,

shall be removed upon meeting the rebar.-

Diamond core bits shall be used to cut the
rebars and to drill the hole beyond the
reinforcing bar such that the whole wedge
portion of the anchor can be expanded behind
the rebar (see Figure 2). The tolerances for
the drills shall be as recommended by the
expansion anchor manufacturer.

_

4.5 Expansion anchors which interfere with
reinforcing steel shall be installed in 2i
accordance with Appendix E.

4.6 After reaching the required depth, the
concrete dust shall be removed from the hole.

4.7 Expansion anchors shall be installed in
accordance with the manufacturer's
recommendations and as shown below.

4.8 Expansion anchors (except HDI drop-in anchors) A, g
shall be seated and e::panded by applying the
torque as determined by onsite testing (See
Table 4.1). A manually operated calibrated
torque wrench or a power operated impact jh_
torque wrench shall be used to measure the
torque.

4.9 Welding to expansion anchors shall not be
..

permitted. "-
,

4.10 The nut shall be fully engaged on the j{
expansion bolt.

._

e

.

5
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|

|
- -

\.

- *
.

,

i .,

1 , 3 3tE 4.1
: -

) (For Ecoge and stud type anchors).
,

Anchor Torque at Test Torque Tese Min. Turna ' Min. Min. c

tic:cter In:ts11ation (Af ter Installation) Load of nut E:bdet Spscin
| Inches ft-lbs Ft. Lbs. Kips required Inches Inches

j|
Threads not .in torque

lubricated range
j (1) ,

l
_

1.1/8 ,3h --9 L 1/4 5 - 10 5 0.5 -

.F D' 1-5/8 4
{

3/3 25 - 35 20 1.0 -

Q"?;
*

1/2 35 - 55 30 2.0 2 2-1/4 5.
. :. g

I'~2 "'s | 5/J 130 - 160 60 4.0 2 2-3/4 6'
k'> * !/3 130 - 160 80 4.0 2 4 6

*

'] | 3/4 240 - 270 135 6.0 3 ~ 3-1/4 7-1/2I'

b
| 3/4 240 - 270 135 6.0- 3 5 7-1/2*-

8 7/8 275 - 325 165 7.0 3 4 9

[- l'.) [ 7/3 275 - 325 165- 7.0 3 5-1/2 9
k > t 1 425.- 475 240 8.0 3 4-1/2 10

I 1 425 - 475 240 8.0 3 6 10E :

t'
'

i4r-
i

*- : ')
_ c_.) (1) These v 1ues give a torque range, which was arrive? at by testing anchors for the different concrete

'

En n - 8 strecgtl.s cced en the job (for 1/2", 5/8", 3/4", 7/8" and 1" expansion anchors only).r ..; ) <

I?a- f^f, I (2) If the taxi =u:2 torque value is attained, the minicum nirtber of turns is not applicsble.
~A .

P.tN (3) The cini un spacing and minicum edge distance cay be reduced upto 50% vith prior approval of

29 Froject Ecgineering.

(4) L'ce greater cini=um c=bedment length for installation, unless noted otherwise on the design docunents
or as cppreved by Project Engineering.*

,,

1

3,

- .

*

1

i
.
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inspected for correct installation. 1 inspection
reveals that an installed anchor does not conform to
the reg'uirements cf Article 4.0, that anchor shall be
tested in accordance with Section 6.0, either
relocated as permitted by the design and the
requirements of this specification, or removed and
' replaced by anotbcr anchor. Mislocated anchors may-

be left in place provided that they do not interfere
with other work. Acceptability by testing of | /$\mislocated anchors is not permitted.

. .

o
'

6.0 TESTING
'

. .

6.1 Testing Frequency

6.1.1 One out of each lot of 10 expansion
anchors installed for anchors other
than 3/8-inch and 1/4-inch diameter and
one out of each lot of 20 expansion
anchors installed for anchors of 3/8-
inch and 1/4-inch diameter, shall be
tested in accordance with the
requirements of Section 6.2. ~ Test
Jnchors shall be relected at. random so
that they are representative of the
group in which they are located and of

'

the installation conditions.

6.1.2 If the test anchor satisfies the
acceptance criteria of Section 6.3, all
anchors of that lot shall be deemed
acceptable.

6.1.3 Should the test anchor fail to satisfy
any one of the acceptance criteria,
three additional anchors of the same
lot shall be tested in accordance with

'

Section 6.2.

~

6.1.4 Should all of the additional test
anchors satisfy the acceptance
criteria, all remaining anchors in that
lot shall be deemed acceptable.

6.1.5 Should any of the additional test
anchors fail, all anchorc in that . lot
shall be tested.

7-

.



ins a ers. Hilti-IID rop-in anc ors sla 1
be tested using the tensioner testing method.

.

-

Test anchors, sele ~cted in accordance with the.
.

provisions of Section 6.1 above, shall be
tested by one or both of the following
methods:

_

6.2.1 Torque Testing Method '

Test the installed expansion anchor -

with a calibrated manually operated or
a power-operated impact torque wrench.
The anchor shall meet the acceptance jp
criteria of Section 6.3.

6.2.2 Tensioner Testing Method

Test the installed expannion anchor
with a tensioner. For expansion
anchors use the test loads shown in /hTable 4.1, and for drop-in anchors use
the test loads shown in Table 3.2 of
Appendix C. The testing equipment
shall be-supported so that the load
will be distributed outside a circle
that has a minimum diameter of four (4)
times the minimum embedment of the
anchor.

6.3 Acceptance Criteria

An installed anchor shall be considered
acceptable if it meets the applicable testing gjl
criteria of Table 4.1 or Table 3.2 of
Appendix C, and if during testing the concrete
did not break out, the anchor did not break,
distort, or deform; and the anchor did not
slip excessively or become loose. The anchor
shall be termed " slip excessively" as follows.

6.3.1 Torque Testing Method

The nut will rotate with less than the
applicable test torque applied per /kg
Table 4.1.

6.3.2 Tensioner Testing Metho.i

The washer can be rotated by hand when.

-' the load is fully applied.

8
.

_
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as sp(_cified. Damaged concrete mus e repa e .

7.1 Failure Due to Concrete Breakout.

7.1.1 Replace the expansion anchor with the
embedment depth obtained beyond the
breakout depth.

7.1.2 Damaged concrete shaIl be repaired in-

accordance with the requirements of
Article 17.0 of Specification 7220-C-
231. Damaged concrete shall be chipped
to sound concrete prior to

"

reinstallation of anchors. Concrete -

shall be repaired after reinstallation
of anchor.

7.2 Failure Due to Anchor Breakage, Slippage or
Loosening-

If the anchor breaks, distorts, or deforms, it
shall be replaced with another anchor, or the
hole shall be redrilled and a larger size

.

anchor installed, if the integrity of
surrounding concrete has not been disturbed.
If the anchor fails by slippage or loosening,
the anchor shall be retorqued and retested.

"

8.0 QUALITY ASSURJd!CE
.

8.1 General

For items which require inspection, testing,
and documentation as shown in Table 2.1, the |b
Subcontractor's/ Contractor's quality assurance
practices shall be followed to ensure ,

compliance with the requirements of this
specification.

8.2 Documentation

Requirements listed below shall be documented. p- ;

~8.2.1 Test Inspection Record

Anchor test inspection records shall be
maintained. These records shall
con t.ai n , as a ininimum, the follo..'ing

information:
.

9
-

.
,
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c. Test results
*

d. Inspector's name

e. Date of Test

8.2.2 Failed Anchor Report'

~
The following additional information
shall be required for test anchors
which failed: _ _ .

a. Exact location of faile anchor

b. Mode of failure and probable cause
'of failure

._
.

c. Repair steps taken
~

,
d. Inspector's name

_ .

. 7..
e. Date of test

,
-

8.2.3 All documentation and records shall be
retained for inclusion in the quality
control files.

,

9.0 OTHER INFOR'% TION REOUIREMENTS
.

This section deals with information collection and is
not to be considered as a part of the Quality
Assurance program.

. ,

9.1 Summary .eport on tests shall be completed and
submitted by Subcontractor monthly to the
project engineer / Contractor. These reports.

shall contain the following data:

9.1.1 Number of anchors installed
.

9.1.2 Number of anchors tested

9.1.3 Number of failed anchors

9.1.4 Mode of failure and probable cause of
failure

A
.

10
.
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9.2 If failure frequency of anchors is less than
0.5%, the nuramary report period may be.

,

increased to 3 months subject to approval by
the project engineer / Contractor.

P

~.
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FIGURE 1 - WEN SO REBARS ARE ENCO'JNTERED
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QUALITY SS NANCE .E .1: ._S 1 v.*

PURCHASE OF
Q-LISTED EXPANSION TYPE CCNCRETE ANCHORS

1.0 The Seller / Subcontractor shall establish and maintain
an effective Quality Assurance Program which will
meet the applicabl.e requirements of Specification G-
23 to ensure that all materials and workmanship
furnished hereunder conform to specifications.

2.0 The Buyer shall have free access.to all work and
shall have the authority to stop work or reject
shipment if the specification requirements including
those for documentation, have not been fulfilled.

3.0 The Seller / Subcontractor shall furnish documentation
ir accordance with the specifications as summarized
and directed by Form G-321-D. To comolete Form G-
321-D, the Seller / Subcontractor shall check in .

Column 8 which documents are being transmitted and
s, hall sign Line 21. The Seller /Subcontracter shall
fill in Lines 13 through 20 as applicable. Entries
such as N/A (noc applicable) and "See attached
sheets" are permissable. The completed G-321-D form
is then used for a cover sheet as directed on the,

back of the form. . .

'

Attachments:
'

l. Form G-321-D, Engineering and Quality Verification
|jhsDocument Requiremnts, Rev. 2

2. Specification G-23, General Requirements'for Supplier
Quality Assurance Programs, Rev. 5

.

3. Quality Assurance Program Element Data Sheet 1,
Rev. I

t

B-1
.

.-- - . -... _ _ ._.. .. - ~ ~ - -- - _ . - - - -- -
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fu c tion of th.ck f esa Iv Mac, atm Csahere. : 3M; ra:e Jed me'h C 3 ett. Ve 'I<ateoi reports fioma;V *nciWf e IsraaCe cP arts of seminar re:Orit w"hch ::I M.Itn r

a9d ceff aly the eterris) toisief.19e prCcefwee bie . furnace atm2sahe'e. Isme at tem;erature, coohrg rate, etc. VenhCatici dall r".8y be en e.tNet narrstne or
tabwtar f orm.

17.0 CERTIFIE0 !.f ATERIAL PRJERTY REPORTS (V)
e

17.1 UT R (Cert.f.e3 fastenar Test Resorts) - These reosns inc! vee sit chem.(al. phis. cal. met *anical and e'ect ica' croperty test esta re:6. red t e the
snatenal s;ecif. canon and a:chcaote estes. TSo is a:chtatJe is cement, concrete, enetais, cette sacaet mater a's. retar, rezar s;! tes, etc. The ceq.f es
MTR shalt encivce a statemesi cf ccef arrrance that the ena:enaf eneets the s;ecif.canors re;virements.

17 2 Impact Tes Data - Ressits of sit Char;y er drea we.;st tests in:6,cing spec.rnen confissration. test tempersare and fractsre cata.

17.3 Ferrete Data - Report of the lernie percencap for sta.nfe:s steet materia's used..nc%d.ng cut.agi & welding f.Irer me:a4 as dep:s.re:

17 4 Materal Certificair of Comphanu - Venlicat.on focumeat ah;cs cert.f es ccaformance to the reew rements of the a;plicatie ma:enat s;ecificat.03

17.5 Elecin:ai Prnoerty Re;ons -Re: set of e ectricer characienstres, e g, d#e tnc. imsecance.resista'ce. flame test.carona, etc.
~

1s.0 COU F C0t!.PLtANCE IVI - Venivens documents (such as da:a Forms U-1. N 2. State, etc.).mb:n are pre;ared by t e maw 4cterer or insta4er anbenil.esh

by "a bisorind Co e lasse: tor.

19 0 UT ULTR ASONic EXAYtNATiCN PRCCEDURES (El. AND VE RiFiCATION REPORTS (V) - MetSed of detect on and esaminat.on results et preseace
and certas.i characteniti:s of discontinuties and in:tus.ons in restena's by the use of he;S frec.e cy acousti: energe.

20 0 RT R AC10GR APHIC EX A!!IN ATIC*! PRCCECURES (El. ANC VERIFIC ATION REPORTS M e.tethod of cerection and namsa:,oa res,,tts of
preseace and cartain chara:ter st.cs of c.scontincties and inctwsions in matenats by a rey or gamera ray es;csste of phctogr,aphic film

'l O t.t T fA AGN ETIC P A RTIC LE Ex A:JIN ATION P HCCICU R ES (El AND V'"lFICATION REPO RTS M - f.!stnod of cetect.on arg esaminat.on ress!ts of
surf ace for near *gria:e) c:s:en!F.d4es an FPajoet.c matenati by Cas: arts @n of ;' r 'Ghed ma;9 etic field. .

PT Ll0Vic PE NET R ANT E XAYIN ATION PRCCEOUS ES (El. AND N E JiCATION R EPORTS M -- Metase or afeiechen end naminat.on ies.!ts ci
surf ace d,s:nannuities in matenais v a;8:arion of a penetra:ir; hq#d in cc,"pe: ten with smatie cevet:ging technicwas.

22 0

23 0 E00Y CURRENT EXAviNATION PROCEDURES (El. ANO VE RIFICATION REPORTS (VI-!?ettod for detecreon and esaminat oa results of
dricontinwities in matenst by c,stcrho3 of sl agahed ele:tt:magettic f. eld * '.

24 0 PRESSURE TEST - HYCRO. AtR. LE A K. BUBBLE OR VACUUY TEST PROCEDURE (E). AND VE RIFICATION REPORTS M - tie:ro:I:r en: wane;
t%e structarsi and mechan. cal acebaty or interly by a;; brat on f f.!!erential pres: ares, and re; ort of the test results.

25 0 INSPECTION PRCCEDURE IEl AND VERIFICATION REPCRTS (VI - Orgawe3 stocess teitoaae f 5 .he c.cosse of determinen; that s;e:.fie:
e;# eme9ts (gimeas. ors, picperties, performance reswits, etc ) are rnet. Oscumente: 1.ncm;s reswit.r; from an ana:e:tio a e accisted in ISe venf. cat c'i

re p ort.

26 0 PE R FORYANCE TEST PPCCEOUP.!S IEl AND VE RISICATION REPORTS M - Tests perf atmed to cemonstrate star foncico at cea, s'd operat ena!
parashestrl tre met 49|| the report of tne test iesof ts

26 1 f.iechar.ical Tests. e ; . pum; cumes. va!.e strok.ng. icad. tencera:ure r;se. cal.tration. eaaronmentat. ett.

26 2 Electrical Tests. e g , fCaf. am o fie, overica d. cost aviry. vt,f:s;e, te-;erature nse, cahSrati3n. latsration.lcti, etc.

27 0 PROTOTYPE TEST REPCRT (E & VI- Re::q of a test acn n :edste,es on a s aa:s : or :,c.cai eie cie of ec#omeat rester.ai er item.are.i :i
*equired f 3r f a:S ette pr3Cated in Crt?r to sets:aitia:e the a:ce3 tab % of etwal sta".l. This riorma;IV i3CNdts lests whic% may. Cr c3wid te es".et|ej 10
4:1911in dama;e to the ste*P!;) tested

2$ 0 $UPEllE R SrflE?tNG PREF * R A'80*; PRCCE0J:E :El Tee pesce3a e used ta a sas;i.er to prepare f.nis%ed r,areria's or ecwipment f ce s :me'itr
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EXPANSION TYPE CONCP.ETE A!!CHORS.

.

1.0 CENER3.L

Every effort shall be made to establish locations of embeds prior to place-
ment of concrete. The basic routes of Category I syste=s (such as piping,
cable trays, ducts and conduits) should be laid out early in the design
stage to pereit the use of eebedded itens along the routes of these systent .
The embeds are to be used to the maximum practicable extent for attaching
structurcl support for items described in Section 2.0.

2.0 APPLIC.',IICMS

2.1 Drilled concrete expansion anchors =ay be used when other' ceans of
providing cennections (such as by using e: bedded plates, shapes or
embedded anchors) are not practical due to requirements developed
af ter cone. rete has been placed or other cocpelling reasons. Other
di' ciplines should be requested to provide titely infor:2tior ons
embed:ent requitecents and cake every effort to utill:e available
embeds and structural steel frc=ing f or support connections.

Expansion anchors cay be used for attaching the following ite s as
shown in Table 2.1. ASME Section III Classes I, II and III piping
and hanger critical shall be as shown on the Piping Class Su =ary
Sheet. The pipe whip restraints shall be as shown on design drawings.

.

.

. . . C..1.. . -. - _ . _ . _ . . . ... _ . _ . .
- . - . . . . - _ -
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cr o N Hc

Applicction _,

ApolicationCatenory

See Note (3) Yes Yes Yes
Pipe Supports Q
and High Energy '

Pipe Whip Restraints Ranger Critical
'

for the Following and High Energy
See Note (1) Yes Yes No

Piping Classifica- Pipe Whip
" '

Restraints Men-Q "
*

ticns

1) ASME Section IIl ,,

Classes 1,2,3 Other ,

., r
-

i,

2) ANS1 B31.1.0 __

Non-Q
3) ANSI B31.1

Yes Yes Yes
Q None ,Supports for

Electrical Cable Yes - Yes No
Trays and H&V Non-Q None
Ducts Linited to equip- ,

Yesment weighing less Yes Yes
Supports for Q than 10 kios (2)
Equiptent _ Yes ' Yes, No_

Non-Q None

Yes Yes Yes
4ttach=ent to Q and Non-Q See Note (3) . , ,, _

(Filled) Concrete
,

_ j'-,

Block Walls

Limited to totalSupports for load of 10 kips Yes Yes Yes

Structural Q

and Miscellaneous
Metal Items Such Critical
as Platforms, Support es Yes No
Ladders, Handrails, (design for None
Supports of sefsnic
Miscellaneous

. loading) Non-Q
Electrical and |

.

'

Ins trumentation Other Yes No No
None . _ _ _ ,

,

Itecs fNon-Q except
_ _ . _ _ _

i
__

Tothf Eelnv
i

No No No ;

Fonc LJ
,

Applications
.

!such as lighting '

panels, junction ;

:.22, conduit,'*

instrument
tubing and inter

-

consunicatien {
'

equipr.cnt
-

(Sce Section 3.2).'

e . ..-
e .e 6 N e w ew eMWS

**"8"** *

_ - _ _ _
_

. ..
-a,-,
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- - - - - - , - - - ~ ~ ~ ~ ~ ~'~,
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-
(For Vedge and Stud Type Ane ors j

.

ANCHOR MIN. TEKSION (T) SHEAR (S) MIN.

EMBED-

DIAMETIR HIST f'e PSI (3) f 'c PSI (3) SF,',CING

IN (1) (2) (2) (2) (2) (2)

INCHEJ INCHES 3000 4000 5000 or 3000 4*000 5000 or INCEIS

hicher higher (,)
E

1/4 1-1/8 0.2T 0.30 0.32 0.30 0.4 0.4-- --3-

.-

3/8
.. 1-5/8 0.5 0.5 0.6 0.8 1.0 1.1. - - ~4 -- - --

~

/9x-

1/2 , 1. 7 - -~5 -- -- _.

2-1/4 1.0 1.2 1.4 1.3 1.5-

5/8 4 2.0 2.0 2.2 2,2' 2.2 2.4 6
,
'

"

.2-3/4 1.6 1.8 1.8 2. 2 , 2.2 2.4

3/4 5 3.0 3.3 3.4 3.0 3.3 3.4 -7-1/2 -
3-1/4 2.4 2.7 2.7 3.0 3.3 3.4

|~/$\
7/8 5-1/2 3.5 4.0 4.5 4.0 4.0 4.5 - 9 . - --'

~~

4 3.0 3.4 3.4 4.0 4.0 4.5
10

l 6 4.0 4.8 5.6 5.0 5.0 5.6 -

4-1/2 3.6 4.1 ' 4.1 5.0 5.0 5.6
_

_

. . - . . . . -

(1) Free data letter ID-C-145B dated 1/27/76 (3) Concrete strength in psi d

and draft of design guide 2.xx dated (4) The mini =u: cpacirg and ein. e ee
distance cay Ee reduced 50% with r

May 3, 1977 c

(2) Values based on =anufacturer's data
equal reduction i.n,allevable_l sd.

3.2 Expansion anchors shall be not less than 1/2-inch.diaceter for all pipe
1/4-inch and 3/8-inch diameter expansion bolts =ay be usedsupports.

for attachment of conduits, instrumentation or si=ilar installaticas.

3.3 A minimum of two and a taxicum of eight expansion anchors shall be
used at each attachcent, except that one anchor may be used for connect-
ing conduit clamps or for si=ilar installations. Only 2/3 of allcwable
design loads shall be used for anchors with single applicatien.

Use 50% of allowable design load values when designing for seismic3.4
loads for pipe supports and pipe whip restraints.

3.5 When an anchor is subjected to both tersion aad sheet loads, the loads
may be combir.ed eectorially g/(S" + T ), 2nd use allowable load for#.

tension.

3.6 Enpansion anchors shall net be ased in those areas whern rebars :cquirci
-

for structural reasons are in a congested pattern, for example in bcan
(,_ - reffits, beam strips in slabs, colutns, etc. Hewever, 1/4-inch diare:er

bolts with an erbadnent depth of 1-1/4-inch or smaller tay be used in
colutns and vertical faces of reinforced concrete beats provided the

shall be revicued bvrebar cover is 1-1/2-inch or nore. These cases
project engineering on a case by canc bacis.

.--, . -.. --

| _
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., y . . . . . . ... v .

3.8 Expansion anchcrs shall not be used for attachecn". to the

metaldefekexceptasnotedbelow:
*

-

.

a) When there is no other acceptable cethod of attacheent
possibic, expansion anchors can be used for connection
to the metal deck as approved by the project engineer / [

'

contractor. The anchors shall be located as shown
below in Figure 1. (Use alternate Figure 1,, if
applicable.).

,
. . _ . .

.

._

:- -

g;
-

~

E
' "

E J l *. _-
: (,,

.
'

,

's 1.. I,q
.

-

t ~ h> , t - , p
'

._w m . -
.

O b
--

C.-
_F,1 cure 1 Alternate Ficure 1

. . . . _ . ...

20 gage steel cut and Valley of deck filled with dry '
bent in field to suit pack' grout-

steel deck
.

-

*

* dimension varies
,

. . . _ .

For Q-listed anchors, the installation of dry pack greut is Q-listed.
9

.

.

*

*

*
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a TC' .I 3. 2
! '

| Allowable Design Loads (K!ps)
;

| (For !!ILTI Drop-in Anchdrs Only)W -%
M }

CO . Minimum * LIhen llILTIk'ZT Center- Drop-in Anchors
(Y ~~' | Tension (T) Shear (S) to- Minimum Arc Used(r, . f4 psi (2) fa psi (2) Center Edge for the Sare,

r; -- 8 Anchor Minimum (1) (1) (1) L(1) (1) (1) Spacing Distance C-to-C Spacing
g f Diaoccer Ecbedeien t 3,000 4,000 5,000- 3,000 4,000 5,000 (Inches) (Inches) . Test.. as Stud Anctors,

d (Inched (Inches) , or fif ther or !!!gher (1) (3) Load (Kips) Reduce Canacity By:
, - -

1/4 1 0.4 0.45 0.5 0.35 0.35 0.5 3-3/4 2 1.0 20%
*

.x <

v

/
' 3/8 1-5/8 0.8 1.0 1.05 0.80 0.85 1.0 5 2-1/2 2.0 20%

*i

- 1/2 2 1.05 1.35 1.70 1.20 1.25 1.6 6-1/4 3-1/4 2.5 20%,

1
' 5/8 2-5/8 1.5 1.90 2.00 2.10 2.45 2.6 8-1/2 4-1/4 4.0 30%

..

3/4 3-1/4 2.5 3.20 3.25 3.3G 3.50 3.9 10 5 6.0 25%
e

-
. .

r v y .. 1

;_.j s;a _ _
,

LnT4 ;t |
, 1 (1) Values b ed on manufacturer's data.

!

| (2) Concrete strength in psi *
I

(3) Pfintrum spacing and minimum edge distance h be reduced 50% with an equal reduction in allowable load with priore

I approval f rom project engineering
,

[ (4) See section 2.2 of Specification C-305.
!

! .

l
*

.
,
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-

,
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(1) In this classification, expension anchors can be used for all
piping supports where the load does not exceed 15 kips per hanger,

except as noted below:

(a) Expansion anchors shall not be used for Class 1 piping over
2-1/2" in dia:eter.

(b) Expansion anchcrs shall not be used for Class II piping over
8" in diac.eter.

(c) Expansion anchors shall not be used for piping systets and
anchor points as listed in Appendir. D.

(2) Expansion anchors shall not be used for reciprocating
~

equipment.

(3) Exprnsion anchors shall not be used to attach Q items and
piping to block valls. Use of expansion anchors on concrete
filled block walls shall be limited to supporting light loads
for non-Q electrical, mechanical, architectural or instrucentation

, applications.

Any deviation from the use of expansion anchors described above
upst be approved by the Project Engineer / Contractor on a case | /b\by case basis. Any conflict between this specification and
hanger detail drawings shall be referred to th'e Project

({~ Engineer / Contractor for r4 solution. | /b\
3.0 DESIC::

b3.1 The following criteria (Table 3.1 and 3.2) should be used in the /\
design:

9

. .:a

0

-
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The following pipin; shall not be supported by expansion anchors:.

1. Pressuriser Relief 4"-2 ECD-5
6"-2 ECD-6
6"-2 ECD-7

14"-2 ECD-5
4"-lECD-5
6"-1 ECD-6
6"-lfCD-7

14"-1 ECD-5

2. Pressurizer Spray 2h"-2 C CA-15 -
h'.'-2 C CA-15
4"-2CCA-15

2 "-lCCA-15- . -

" lCCA-15 ' - '
- -

4"-lCCA-15 - -

- -

.: - . =--: .. --

3. Makeup and Purification ih"-2HCC-35
1 "-2CCC-3
2 "-2CCB-12 - - +

2 "-2CCB-2 . --

___

- 2 "-2CCB-8

( '
1 "-1HCC-35
lh"-lCCB-3 _=_
24"-lCCB-12
2 "-lCCB-2
2h"-lCCB-8

- - - -

4. Service Water
___

The first two supports on inlet and outlet of

auxiliary building chillers on follosing lines:-

6"=lRBC-304
6"-lHSC-305
6"-2RBC-304

,

6"-2HBC-305
6"-lHBC-307
6"-lEBC-308
6"-2HBC-307
6"-2EBC-308,

5. Chilled Water ,

The first two supports on inlet and outlet of
-

chillers on following lines:
,

4"-1 HEC-34S
4"-lRIC-216
4"-1ELC-235
4"-1HBC-218

,

4"-2HBC-233
4"-2HLC-216-
4"-2H3C-235
4"-2HBC-218

.

e

M, _, WNM +46W*' -Sh6De - * # * eg6 m M4 6 -r ' 9M WM 8D'- D e p =* -N* * * * *#' #

)
_



US. a .

FOR [::-
""

LUIITATIO"5 ON

D1 STALLING GROUTED ANCEOR EOLTS,

EXPANSION ANCHOR BOLTS, AND/OR REIlECRCING STEEL

DI

CONCRETE STRUCTURES

.

1.0 GENERAL CRITERIA

1.1 This specification shall apply to the installation of all grouted
and or expansion anchors and reinforcing steel in Q-listed
structures.

1.2 Reinforcing bars shall not be cut in the following structural
elements without project engineering or resident engineering,

approval.

1.2.1 Contain=ent shell

1.2.2 Reinforcing steel in the near face of steel lined surfaces
(i.e., spent fuel pool, su=ps,-etc.)

1.2.3 Colu=ns, beams pilasters or areas of congested reinforcing
(main bars less than 6" apart)

1.2.4 Bundled bars (not including replacement steel) and #14 and
#18 bars

.

1.3 Pachc=eter, ferroneter or equal rebar locator shall be used to
facilitate location of rebar prior to drilling holes in the concrete.

1.4 Relocation of anchor plates shall be as allowed by applicable
discipline specification.

1.5 When an expansion anchor hole is abandoned the new hole can be
drilled at a mini =u: distance of two (2) ttnes the dia=eter of the
hole provided the abandoned hole is repaired in accordance with
Section 17 of Specification 7220-C-231 prier to appli:stien :f ';cd
on the anchor. Installation of anchor does not constitute loading
the anchor. All abandoned holes shall be repaired prior to
applicatica of load.

{

.
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u ng spray sys em etween t.e spray noz: es. .

and the seca: lines to the auxiliary feed pump turbine.
.

e

9

9

*

e
e

e

9

e *

.

9

0

O

a

L.

.

D-2
__ _._ . . . _ _ . _ _ - - - .. . - -- ~- - - ~ - - ~ ' ' ' ' ~ ~ ~ ~ ~

,

S - $ %, /.'



..

In the event it is necescary to cut reinforcing bars in a slab or vall er
unless otherwise noted on the drawings, the reinforcing cutting allovence,

,

without prior projec t engineering approval shall meet the following
criteria:

2.1 One bar =ay be cut each way each face. The minimu= radial distance -

to the next cut bar on the same. face in the same direction shall be
five (5) feet. jf[g,

__ _. . _ . . . . . . . . . . ~ . ..

2.2 in lieu of Seccian 2.1 above, two bars may be cut each'vay, each face,
.Provided the mini =u radial distance to the next cut bar on the sa e ""

. face in,the same_ direction shall be ten (10), feet.
,, , _ _ . ._

,

2.3 Not more than two (2) bars shall be cut each way each face per
anchor plate location.

.

2.4 Multicutting of the same rebar may be counted as one cut. , _ , _
_ _

2.5 Cutting of deformation does not constitute a cut bar. 'A bar shall be
considered a cut bar of the chord distance along the cut is greater
than 1/2 the diameter of the bar.

BAR SIZE CHORD DISTANCE ALONG TEE CUT (a)

( #4 l'/4"
#5 5/16"
#6 3/8"
#7 7/16"

[ -t N
-

#8 1/2" ,

gggAg, I#9 9/16" .
|

\ __I HCt3#10 5/8"
'

1J
#11 11/16"
#14 7/8"
#18 9/8" -

,

2.6 In the event the foregoing requirerents are to be exceeded, prior
' approval of Project Engineering or the Resident Engineer is

required.

3.0 DOCUMENTATION

All reinforcing cuts in accordance with Sectien 2.0 shall be recorded and
transmitted to project engineering for review within 30 days af ter the
bar is cut. The following infor:ation shall be supplied:

a. Building

ib. Roce and vall or slab identificatica i

c. Deleted. :-

;
I,

d. Near or far face

- -

E-2

_ - - . . _ - . . - . . - - -
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-

g. Location of cut with respect to elevation and colt =n lines.
'

In the event the review shows any design deficiency, modification shall
*

be carried out in the affected area as directed by project engine ering .
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Construc iE,'wa 'k^5S h-r[F
Hilti Expansion Type Concreti: . i5'**' ,~
Torque Verification Tests o' c.-
BCBE-895

fi$. T_ i
MidIand, l1 ,,_ ,-Ai

q Toc ,e
D. T. Bailey (SFil0) y gent _

' -

-

,
-

re

In accordance with specification 7220-C-305, Table 4.1,[Ne JIe'Iii~~4dudted'
-

~

'hh:k. ._ '
tests on Hilti " Kwik Bolts" to determine the actual ran e o, torfor the different concrete strengths used on the Itidlan , .rcraegt.

-
' '

C ~3
'

The tests were conducted in the following manner:

Three (3) each of the following(size anchor bolts; one-half5/8"),three-quarterinchl. inch (1/2"), five-eighths inch
(3/4"), ind one inch (l"), uere installed in a three thousand
pound (3000 lb) concrete nix to the minimum embedment required
by specification 7220-C-305, Table 4.1.

A plate was set over the bolt and the washer and nut were screv:edThe nut was then torqued to the2. onto the bolt finger tight.
minimun value shown in specification 7220-C-305, Table 4.1. The
number of turns of the nut required to reach the +orque value

~

was counted.

A machine (see sketch attached) was placed over each bolt and
the test load prescribed by specification 7220-C-305, Table 4.13.

If, after tuo (2)
was applied and held for tuo (2) minutes.
minutes, the washer could not be moved, the torque value wasIf the washer

considered to be satisfactory for a minimum value.could be moved, the nut was torqued to a higher value determined-

For example, if the bolt slipped
by the slippage on the bolt.before the test load was fully applied, the torque value wasif the bolt slipped during the
raised twenty (20) foot pounds,
two (2) minute holding period, the torque value was raised tenAt all times the number of turns applied to(10) foot pounds. If the bolt ran out of thread, a new set
each nut was noted.
of three (3) bolts of the size being(tested were installcd and3) bolts helo at the scoe
the tests contir.ued until all three'

torque value.

After the minimum torque value uar deternined, the one-half inch
(1/2"), five-eighths inch.(5/C"), end three-qucrtcr inch (3/4")4.

i their
, bolts were thun given an additienc! test to determ neIf the absolute load was at

absolute load at that torque value.

.
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t ns was considerad to be proof of the minimum torque value.
The one inch (l") bolts were not given this absolute test be-
cause the test apparatus could not measure a load greater thr.

.

- 8.233 KIPS.
- '5 Th'e bolts that were used to produce satisfactory mininum torque

.

values were then retorqued to a higher value and retested to --

prove they would not slip when the test loads were again rnplied.
The higher torque value was determined by: 1) Uhat the field
considered to be a satisfactory working spread between mininum --

and maximum torque values, and 2) The highest value the Hilti -
"

,

representatives would allou on the bolts due to their safety - " -

factors.
. [_,.__,.----

'
6 The minimum and maximum torque values arrived at for the 3000 -

pound concrete mix were as follows: ""
.

1/2" bolt = 25 foot pounds to 45 foot pounds -

~

5/8" bolt = 120 foot pounds to 150 foot pounds.

3/4" bolt = 220 foot pounds to 250 foot pounds ~

1" bolt = 425 foot pounds .to 475 foot pounds - -

-

7. Proof tests were then conducted in the 4000 pound and.5000 pcund
concrete strengths to verify the torque values were acceptable in
the higher strength concretes. Some adjustments were made to the
ninimum torque values to make them satisfactory in the higher

. strength concrete. The maximun values were also adjusted to keep
the same spread between the minimum and maximum torque values.
The new values were slightly higher but were not retested in the
3000 pound mix since the torque values were considered to be mini-
mum when arrived at in that test. '-

The final values are as follows:
'

-

'

.

1/2" bolt = 35 foot pounds to 55 foot pounds
5/8" bolt = 130 foot pounds to 160 foot pounds
3/4" bolt = 240 foot pounds to 270 foot pounds

1" bolt = 425 foot pounds to 475 foot pounds

Duri r..] the proof tests fo- the torque range to t,e used for the installation of
the Hilti " Kwik Bolts", the nurber of turns on the nut required to obtain the
minimum torque value became a significant item. If the minim"m torque was
obtained before a certain number of turns of tne nut were made, the chances
of the bolt slipping was about 30%. If more turns were required to obtain the
minimum torque value, no slip occurred. Based upon observations nade during

' the testing, it became ap;arent that even though the minimum trsrque values
were reached with less turns, torquing of the bolts should continue until at
least 2 conplete turns of the nuts have been mada on the one-half (1/2") inch
and five-cichths inch (5/C") bolts and at least 3 ccaplete turns of the nuts
have been made on the three quarter inch (3/4") and one inch (1") bolts.

.
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securely at the maxir.ua torque value.

The above tests were conducted by Bechtel craf tsmen at the Midland Project*
-

Job 7220 under direction of Bechtel field engineering. The initial tests
in the 3000 pound concrete were uitnessed by R. K. Burket, F. Studer,
G. McKindles, and P. Halarkey of Hilti, Inc. The initial test in the
3000 pound concrete was conducted on July 28 and July 29, 1976, and the
verification tests in the 4000 pound and 5000 pound concrete t:ere conducted

'

on July 30, 1976.

Ar CCR to specification 7220-C-305 will be submitted to change Table 4.1 to
-reflect the results of the above tests. -

If you have any questions on the above subject, please contact Ron Hendricks
at the Midland Jobsite. -

h~--7 ?-
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g_ J. F. Neugen
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